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[57] ABSTRACT

A fabrication method of a semiconductor QW laser by
MOVPE with a high fabrication yield, providing a laser
device sufficiently reliable in operation over long period of
time and applicable for optical communications. An InGaAs
QW active layer is grown on a first semiconductor layer
formed on or over a semiconductor substrate at a growth
temperature ranging from 580° to 640° C. Then, a second
semiconductor layer 1s grown on the active layer at the same
growth temperature as that of the active layer. Preferably, the
active layer is grown under a condition that the total pressure
in a growth chamber is substantially equal to an atmospheric
pressure and a partial pressure of arsine (AsH,) for As

component ranges from 1.6x1077 to 3x10™* Torr.
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FABRICATION METHOD OF
SEMICONDUCTOR LASER BY MOVPE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a fabrication method of a
semiconductor laser by Metal Organic Vapor Phase Epitaxy
(MOVPE).

2. Description of the Prior Art

A conventional semiconductor laser with a strained Quan-
tum Well (QW) active layer is shown in FIG. 1. An
n-AlGaAs lower cladding layer 19 is formed on an n-GaAs
substrate 18 and an AlGaAs/GaAs lower guiding layer 20 is
formed on the lower cladding layer 19. An InGaAs/GaAs
strained QW active layer 21 containing a single or several
InGaAs strained QW sublayers and GaAs barrier sublayers
is formed on the lower guiding layer 20 and an AlGaAs
upper guiding layer 22 is formed on the strained QW active
layer 21. A p-AlGaAs upper cladding layer 23 is formed on
the upper guiding layer 22 and a p-GaAs cap layer 24 is
formed on the upper cladding layer 23.

The conventional semiconductor laser shown in FIG. 1 is
generally fabricated by Metal Organic Vapor Phase Epitaxy
(MOVPE). During the growth process of the InGaAs/GaAs
strained QW active layer 21, the higher the growth tempera-
ture the, more remarkable revaporization of indium (In)
during the growth process of the InGaAa strained QW
sublayer of the active layer 21. As a result, the growth
temperature of the active layer 21 is popularly set as 700° C.
or lower.

On the other hand, to restrict both mixture of carbon and
reduction in dopant decomposition efficiency, the growth
temperatures of the n-AlGaAs lower cladding layer 19, the
AlGaAs lower guiding layer 20, the AlGaAs upper guiding
layer 22 and p-AlGaAs upper cladding layer 23 are prefer-
ably set as 700° C. or higher.

For example, as disclosed in IEEE PHOTONICS TECH-
NOLOGY LETTERS, NO.4, VOL.3, PP308-310, APRIL
1991, the growth to temperature of an InGaAs strained QW
active layer is set as 610° C., and the growth temperatures
of AlGaAs upper and lower cladding layers are set as 750°
C.

Also, during growth of, the n-AlGaAs lower cladding
layer 19, the AlGaAs lower guiding layer 20, the AlGaAs
upper guiding layer 22, and the p-AlGaAs upper cladding
layer 23 when the (V/III) flow rate ratio is low, carbon tends
to be introduced into the layers 19, 20, 22 and 23 thus grown.
Here, the (V/HI) flow rate ratio is defined as the ratio of the
flow rate of the v group gaseous source material, or arsenic
(As) to the flow rates of the III group gaseous source
materials, or aluminum (Al) and gallium (Ga).

To avoid such the carbon introduction into the layers 19,
20. 22 and 23, in popular, the layers 19, 20, 22 and 23 are
grown at a high (V/III) flow rate ratio.

As a result, in the case of the atmospheric pressure
MOVPE where epitaxial growth is carried out under the
condition that (a) the reactor tube pressure is maintained at
the atmospheric pressure, and (b) the partial pressure of
arsine (AsH;) for arsenic component is popularly main-
tained at 1Torr or higher during the growth process of the
InGaAs/GaAs strained QW active layer 21.

For example, as disclosed in APPLIED PHYSICS
LETTERS, NOV.24, VOL.55, PP2476-2478, DECEMBER
1989, the partlal pressure of arsine of an InGaAs strained
QW active layer is maintained at approximately 1.4 Torr,
which was obtained by calculation from description in this

paper.
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However, with the conventional fabrication methods
described above, there is a problem that no semiconductor
laser which is sufficiently reliable in operation over long
period of time can be fabricated. which means that the laser
is not applicable for optical communications

There is another problem that the above conventional

fabrication methods cannot provide a semiconductor laser
with a high fabrication yield.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a fabrication method of a semiconductor laser which
can provide a semiconductor laser sufficiently reliable in
operation over long period of time and applicable for optical
communications.

Another object of the present invention is to provide a
fabrication method of a semiconductor laser which can
fabricate a semiconductor laser with a higher fabrication
yield than that of the conventional methods.

A fabrication method of a semiconductor laser according
to a first aspect of the present invention includes a step of
growing a first AIGaAs layer on or over a semiconductor
substrate, a step of growing an InGaAs/GaAs active layer
containing an InGaAs strained QW sublayer and GaAs
barrier sublayers on the first semiconductor layer at a growth
temperature ranging from 580 to 640° C., and a step of
growing a second AIGaAs layer on the active layer. The
growth temperature at the end of the growth process of the
first AlGaAs layer is controlled within the range from 580°
to 640° C. The growth temperature at the beginning of the
growth process of the second AlGaAs layer is equal to the
growth temperature of the active layer. If an atmospheric
pressure MOVPE system is used, a value of 1.2 Torr may be
used as the partial pressure of arsine during the step of
growing the active layer.

As the first and second semiconductor layers, any semi-
conductor layer may be used such as a GaAs barrier layer
and an AlGaAs guiding layer, respectively.

With the fabrication method of the first aspect, the
InGaAs/GaAs active layer containing the InGaAs strained
QW sublayer and the GaAs barrier sublayers is grown on the
first AIGaAs layer at a growth temperature ranging from
580° to 640° C., so that the active layer thus grown has
superior homogeneity of indium (In) component and supe-
rior light emission characteristic or performance.

In addition, since the growth of the second AlGaAs layer
is initiated on the active layer at the same growth tempera-
ture as that of the active layer, the density of lattice defects

introduced into the active layer is lower than that of the case
in which the surface of the active layer is exposed to the

atmosphere whose temperature is higher than the growth
temperature of the active layer.

As a result, a semiconductor laser sufficiently reliable in
operation over long period of time is fabricated, which
means that the laser thus fabricated is applicable for optical
communications.

Since the active layer contains the lower density of lattice
defects introduced thereinto, a higher fabrication yield can
be obtained.

A fabrication method of a semiconductor laser according
to a second aspect of the present invention includes a step of

growing a first AIGaAs layer on or over a semiconductor
substrate, and a step of growing an InGaAs/GaAs active
layer on the first AIGaAs layer at a growth temperature
ranging from 580° to 640° C.
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The step of growing the InGaAs/GaAs active layer is
carried out under a condition that the total pressure in a
growth chamber is an atmospheric pressure whose partial
pressure of arsine (AsH,) for As component ranges from
1.6x1077 to 0.3 Torr.

The step of growing the InGaAs/GaAs active layer is
carried out using an atmospheric pressure MOVPE system.

With the fabrication method of the second aspect, the
InGaAs/GaAs QW active layer is grown at the same growth
temperature as the first aspect, so that the active layer thus
grown has superior homogeneity of In component and
superior light emission characteristic or performance.

In addition, since at least the active layer is grown under
a condition that the total pressure in a growth chamber is the
atmospheric pressure whose partial pressure of arsine ranges
from 1.6x1077 to 0.3 Torr, the density of lattice defects
introduced into the active layer is lower than that of the case
in which the growth of the second AIGaAS layer is initiated
at a higher growth temperature.

As a result, similar to the first aspect, a semiconductor
laser sufficiently reliable in operation over long period of
time is fabricated. which means that the laser thus fabricated
is applicable for optical communications.

Since the active layer contains the lower density of lattice
defects introduced thereinto, a higher fabrication yield can
be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows a cross-section of a semicon-
ductor QW laser fabricated by the conventional methods.

FIG. 2 is a graph showing growth-temperature depen-
dence of an In component X, (solid phase) and an incorpo-
ration ratio X, (solid phase)/X, (vapor phase) of an InGaAs
strained QW active layer of a semiconductor.

FIG. 3 schematically shows a cross-section of the semi-
conductor layer structure fabricated to examine the effect of
the growth temperature or arsine partial pressure on the
quality of the InGaAs strained QW layer.

FIG. 4A shows a profile of the growth temperature used
for growing the semiconductor layer structure in FIG. 3.

F1G. 4B shows a profile of the arsine partial pressure used
for growing the semiconductor layer sttucture in FIG. 3.
FIG. 5 is a graph showing growth-temperature depen-

dence of the normalized standard deviation of photolumi-
nescence intensity of the InGaAs strained QW active layer

and growth-temperature dependence of the average number
of dark-line defects contained in a 200 ym square area of the
active layer.

FIG. 6 shows a profile of the arsine partial pressure in a
fabrication method according to a second embodiment.

FIG. 7 is a graph showing arsine partial-pressure depen-
dence of the normalized standard deviation of photolumi-
nescence 1ntensity of the InGaAs strained QW active layer
fabricated by the method of the second embodiment, and
arsine partial-pressure dependence of the number of dark-
line defects contained in a 200 um square area or the active
layer.

FIG. 8 schematically shows a cross-section of the semi-
conductor QW laser fabricated by a method according to the
first and second embodiments.

FIG. 8A schematically shows a cross-section of a double
QW active layer structure of the semiconductor QW laser
shown in FIG. 8.

FIG. 9A shows a profile of the growth temperature of the
method of the first embodiment.
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FIG. 9B shows a profile of the arsine partial pressure of
the method of the first embodiment.

FIG. 10 shows a profile of the growth temperature of the
method according to a second embodiment.

FIG. 11 shows a profile of the arsine partial pressure of a
method according to a comparative example.

FIG. 12 shows the cross-sectional structure of the Semi-
conductor QW laser fabricated by the methods of the first
and second embodiments and the comparative example.

FIG. 13 shows fabrication yields of the methods of the
first and second embodiments and the conventional method.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
described bellow while referring to the drawings attached.

Effect of Growth Temperature

FIGS. 2, 3, 4A and 4B show an experimental result to
examine the effects of the growth temperature, which is
carried out using an atmospheric pressure MOVPE system.

In the experiment, a strained QW active layer of InGaAs
is epitaxially grown under the following conditions:
Trimethylgallium (TMG) [(CH;),Gal, trimethylindium
(I'MI) and arsine (AsH;) are supplied to the growth
chamber of the MOVPE system for Ga, In and As
components, respectively
During the growth process of an InGaAs active layer 5
shown in FIG. 3. the composition of vapor-phase In the
growth chamber of the atmospheric pressure MOVPE sys-
tem is maintained at 0.35. Here. the “Composition of vapor-
phase In” is defined as a ratio of the TMI partial pressure to
the sum of the TMG and TMI partial pressures in the
chamber. |
As shown in FIG. 2, the In component X, (solid phase),
which 1s defined as the In component of the InGaAs active
layer S thus grown. changes dependent on its growth tem-
perature. Also, the incorporation ratio [ X, (solid phase)/X,
(vapor phase)] of the active layer §, which is defined as a
ratio of the In incorporated into the InGaAs active layer §
thus grown to the vapor-phase In component contained in

the growth chamber, changes dependent on the growth
temperature in the similar way to the solid-phase In com-

ponent X, .

In FIG. 2, an upper curve shows the incorporation ratio
[ X;.(solid phaseyX, (vapor phase)] and a lower curve
shows the In component X, (solid phase).

It is seen from FIG. 2 that the incorporation ratio [X,
(solid phase)/X, (vapor phase)] decrcases dependent on the
growth temperature in the region whose growth temperature
is higher than 640° C. Therefore. to obtain better homoge-
neity of the In component of the active layer 8, it is seen that
the growth temperature is required to be 640° C. or lower. In
other words, the upper limit of the growth temperature of the
strained QW In(GGaAs active layer 5 is 640° C.

The semiconductor layer structure shown in FIG. 3 is
fabricated using the atmospheric pressure MOVPE system.
During the growth processes of the layer structure, the
growth temperature and arsine partial pressure changes
according to the profiles shown in FIGS. 4A and 4B respec-
tively.

First, TMG [(CH,),Ga] for Ga component and arsine for
As component are supplied into the growth chamber, and a
GaAs buffer layer 2 having a thickness of 0.5 um is
epitaxially grown on an n-GaAs substrate 1 doped with Si.
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The growth temperature and arsine partial pressure during
this process are maintained at 760° C. (region Al in FIG.
4A) and 3.2 Torr (region C1 in FIG. 4B), respectively.

Next, while arsine is kept to be supplied in the growth
chamber to prevent As atoms from desorbing from the
surface of the grown layer, TMG [(CH,),Ga] is interrupted
to be supplied into the growth chamber. Then, the growth
temperature is lowered to 610° C. as shown in the region Bl
in FIG. 4A. and the arsine partial pressure in the chamber is
lowered to 1.4 Torr as shown in region D1 in FIG. 4B. Then,
an Al ,Ga, cAs layer 3 having a thickness of 0.05 pm is
epitaxially grown on the GaAs buffer layer 2.

During this process, trimethylaluminum (TMA)
[(CH,);Al is used for Al component material.

Subsequently, the arsine partial pressure in the chamber is
lowered to 1.2 Torr (region E1 in FIG. 4B) and then, a GaAs
barrier layer 4 having a thickness of (0.5 um is epitaxially
grown on the Al; Ga,sAs layer 3. An In,,,Gag,,AS
strained QW layer 5 having a thickness of 200 ,iis epitaxi-
ally grown on the GaAs barrier layer 4, and a GaAs barrier
layer 6 having a thickness of (.3 pym is epitaxially grown on
the GaAs barrier layer 5.

It is seen from FIGS. 4A and 4B that all the layers 4. § and
6 are grown at the arsine partial pressure of 1.2 Torr and at
the growth temperature of 610° C.

Thus, the semiconductor layer structure as shown in FIG.
J is fabricated. *

The In, ,,Ga, ,cAs strained QW layer § has an emission
spectrum whose peak wavelength is 1.07 pm.

FIG. 5 shows growth-temperature dependence of the
normalized standard deviation of photoluminescence
(wavelength: 1.07 pm) intensity of the InGaAs strained QW
active layer 5 and growth-temperature dependence of the
average number of dark-line defects contained in a 200 pym
square arca of the active layer §. The standard deviation of
photoluminescence intensity is normalized by the average of
the photoluminescence intensity within the measured small
area.

In FIG. 5, there are also shown data of semiconductor
layer structures having the same layer structure as that in
FIG. 3 and having the growth temperatures in the region Bl
are 580° C. and 700° C.. respectively.

The normalized standard deviation of photoluminescence
intensity shows homogeneity of the light emission charac-
teristic of the active layer § along the surface and a small
value of the standard deviation is preferable.

The number of dark-line defects shows easiness of intro-
duction of misfit dislocations into the strained QW active
layer 5 and a small value of the numbers is preferable.

From FIG. 8, it is seen that the normalized standard
deviation of photoluminescence intensity tends to lower in
the area of the growth temperature of 610° C. or lower.
Therefore, to obtain a strained QW active layer with better
homogeneity of the light emission characteristic, it is seen
that the growth temperature should be 580° C. or higher. In
other words, the lower limit of the growth temperature of the
strained QW InGaAs active layer 5 is 580° C.

As described above, it can be said that the preferable
growth temperature for the strained QW InGaAs active layer
S ranges from 580° to 640° C. from the viewpoint of stability
of In incorporation rate into a grown layer (FIG. 2) and
homogeneity of the light emission characteristic (FIG. §).
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below.

From FIG. §, it is seen that the average number of the
dark-line defects increase dependent on the growth tempera-
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ture. We assume that introduction, movement and breeding
of the defects of the active layer 5 occur during not only the
growth process of the active layer 5 but also the growth
process of the GaAs barrier layer 6. Therefore, to obtain the
QW active layer S having few defects. it is advantageous that
the growth temperature of the active layer S is possibly low
and at the same time, the growth temperature of the GaAs
barrier layer 6 is substantially equal to that of the active layer
S.

With the above experiment, the In,,,Ga, ;6As strained
QW active layer S is epitaxially grown on the GaAs barrier
layer 4 at the growth temperature ranging from 580° to 640°
C.. so that the active layer § thus grown has is superior
homogeneity of In component and superior optical emission
characteristics or performance.

In addition, since the GaAs barrier layer 6 is epitaxially
grown on the Ing ,,Ga, ;4As strained QW active layer 5 at
the same growth temperature as that of the active layer §, the
active layer § is lower in density of the lattice defect
introduced into the active layer S than the case that the GaAs
barrier layer 6 is grown at a higher growth temperature than
the active layer 5.

As aresult, a semiconductor QW laser fabricated by using
the above growth temperature condition can operate stably
over long period of time, providing a sufficient reliability in
operation. The laser thus obtained is applicable for optical
transmissions.

Since the active layer § is lower in density of the lattice
defect, the laser can be fabricated at a higher yield than that
of the conventional methods.

Though the method of this embodiment is carried out
using an atmospheric pressure MOVPE system, reduced
pressure MOVPE system may he used.

Effect of Partial Pressure of Arsine

FIGS. 2, 4A, 6 and 7 show experimental results to
examine the effect of the partial pressure of arsine. The
semiconductor layer structure used in this experiment is the
same in structure as that of the above experiment about the
effect of the growth temperature shown in FIG. 3.

Similar to the above experiment concerning the effect of
the growth temperature, the experiment relating to the arsine

partial pressure is carried out using an atmospheric pressure
MOVPE system, and trimethylgallium (TMG) [(CH,),Ga],
trimethylaluminum (TMI) [CH,),In], arsine (AsH;) and
trimethylaluminum (TMA) [(CH,),Al] are used for Ga, In.
As and Al components, respectively. The growth tempera-
ture is the same as that in the above experiment about the
effect of the growth temperature and is changed according to
a profile shown in FIG. 4A. However, the partial pressure of
arsine is changed according to a profile shown in FIG. 6
instead of that shown in FIG. 4B.

First, a GaAs buffer layer 2 having a thickness of 0.5 ym
is epitaxially grown on an n-GGaAs substrate 1 doped with Si
in an atmospheric pressure. The growth temperature and
arsine partial pressure during this, process are 760° C.
(region Al in FIG. 4A) and 3.2 Torr (region C2 in FIG. 6),
respectively. The profile in the region C2 is the same as that
in the region C1 in FIG. 4B.

Next, TMG [(CH,),Ga] for Ga component is interrupted
to be supplied into the growth chamber and the arsine partial
pressurc therein is lowered to 0.35 Torr (region F2 in FIG.
6). Also, the growth temperature is lowered to 610° C.
(region B1 in FIG. 4A). Then, an Al, ,Ga, ;As layer 3
having a thickness of 0.05 pm is epitaxially grown on the
GaAs buffer layer 2.
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Subsequently, the arsine partial pressure in the chamber is
further lowered to 0.3 Torr (region G2 in FIG. 6) and then,
a GaAs barrier layer 4 having a thickness of 0.5 pm is
epitaxially grown on the Al, .Ga, ¢As layer 3. While the
arsine partial pressure and the growth temperature are kept
at the same values as those of the prior growing process, an

In,,

200 Ais epitaxially grown on the GaAs barrier layer 4, and
a GaAs barrier layer 6 having a thickness of 0.3 um is
epitaxially grown on the GaAs barrier layer S.

Thus, a strained QW laser wafer as shown in FIG. 3 is
fabricated.

The In, ,.Ga, ;cAs strained QW layer S has an emission
spectrum whose peak wavelength is 1.07 um.

FIG. 7 shows arsine partial-pressure dependence of the
normalized standard deviation of photoluminescence
(wavelength: 1.07 pm) intensity of the InGaAs strained QW
active layer S fabricated in the experiment about the arsine
partial pressure, and arsine partial-pressure dependence of
the number of dark-line defects contained in a 200 pm
square area of the active layer §. The standard deviation of
photoluminescence intensity is normalized by the average of
the photoluminescence intensity within the measured small
area

In FIG. 7, there are also shown data of strained QW
semiconductor laser wafers which has the same layer struc-
ture as shown in FIG. 3 and is fabricated at the arsine partial
pressures of 5.6 Torr and 4.8 Torr in the region F2 and G2
are, respectively.

From FIQG. 7, it is seen that the normalized standard
deviation of photoluninescence intensity tends to increase in

the area of the arsine partial pressure of 4.8 Toarr or higher
while the number of the dark-line defects decreases in this
arca. On the other hand, it is also seen that both the
normalized standard deviation of photoluminescence inten-
sity and the number of the dark-line defects tend to decrease
in the area of the arsine partial pressure of 4.8 Torr or lower.

Therefore, to obtain a strained QW active layer having
better homogeneity of the light emission characteristic and
few dark-line defects, it is seen that the arsine partial
pressure for the active layer should be 0.3 Torr or lower. In
other words, the upper limit of the arsine partial pressure of
the strained QW InGaAs active layer 5 is 0.3 Torr.

Next, the lower limit of the arsine partial pressure of the
strained QW In(GaAs active layer 8§ is described below.

As disclosed in JOURNAL OF PHYSICS AND CHEM-
ISTRY OS SOLIDS, VOL.28, PP2257-2267, 1967, As
atoms existing on the surface of a GaAs layer tends to
become AS, to be dissociated from the surface. Therefore,
according to the chemical equilibrium theory, a surface
containing excessive Ga atoms is grown at the partial
pressure of vapor phase As, of 760 Torr or less when the
growth temperature is 640° C,, for example.

The dissociation pressure of As. from the Ga excessive

surface is 8x1072 Torr, and it is assumed that As atoms does
not dissociate from the Ga excessive surface of the GaAs

layer when the arsine partial pressure is 1.6x10™° Torr or
higher.

Therefore, also in the case of GaAs vapor phase epitaxy,
to prevent lattice vacancies of As from generating in a GaAs
layer thus grown epitaxially, it is assumed that the GaAs
VPE process is preferably carried out at the arsine partial
pressure of 1.6 x10~7 Torr or higher.

There has been no report about the dissociation pressure
of As atoms from the surface of an InGaAs layer, however,

Ga,, ,.As strained QW layer 5 having a thickness of
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it is known that the coupling strength between In and As is
more unstable than that between Ga and As and as a result,
it 1s assumed that the InGaAs growth process should be
carried out under the arsine partial pressure of 1.6x10™7 Torr
or higher. This means that the lower limit of the arsine partial
pressure of the strained QW InGaAs active layer § is
1.6x10~" Torr.

As described above, it can be said that the arsine partial
pressure for the strained QW InGaAs active layer § ranges
from 1.6x10~" Torr to 0.3 Torr from the viewpoint of the
lattice defects generated in a grown layer and homogeneity
of the light emission characteristic.

With the experiment relating to the arsine partial pressure
similar to the above experiment relating to the growth
temperature, the InGaAs QW active layer § is grown at the
growth temperature ranging from 580° to 640° C. Therefore,
the active layer § thus grown has superior homogeneity of In
component and superior optical emission characteristic or
performance.

In addition, the active layer 8§ is grown under a condition
that the total pressure in a growth chamber is the atmo-
spheric pressure whose partial pressure of arsine (AsH,) for
As component ranges from 1.6x10~7 to 3x10~' Torr.
Therefore, the active layer S is lower in density of the lattice
defect gencrated in the active layer than the case that the
active layer § is grown under a different atmospheric con-
dition from the second embodiment.

As a result, similar to the above experiment about the
growth temperature, the semiconductor QW laser fabricated
in the experiment about the arsine partial pressure can
operate stably over long period, providing a sufficient reli-
ability in operation. The laser wafer thus obtained is appli-
cable for optical communications.

Since the active layer § is lower in density of the lattice
defect, the laser can be fabricated at a high yield.

Though the experiment about the arsine partial pressure is
carried out using an atmospheric pressure MOVPE system,
reduced pressure MOVPE system may be used.

First Embodiment

FIGS. 8, 8A, 9A and 9B show a fabrication method of a
semiconductor QW laser according to a first embodiment of
the present invention. A laser wafer fabricated by the first
embodiment has a structure as shown in FIGS. 8 and 8A.

Similar to the above two experiment, the method of the
first embodiment is also carmried out using an atmospheric
pressure MOVPE system. and trimethylgalium (TMG)
[(CH,),(Ga], tetramethylindium (TMI) [(CH,),In, arsine
(AsH,) and tetramethylaluminum (TMA) [(CH;),Al] are
used for Ga, In, As and Al components, respectively.

However, the growth temperature and the partial pressure
of arsine are different from the above two experiments and
are set according to the profiles shown in FIGS. 9A and 9B,
respectively.

First, an n-Al, ,Ga, ¢As cladding layer 8 doped with Si
and having a thickness of 2 ym is epitaxially grown on an
n-GaAs substrate 7 doped with Si in an atmospheric pres-
sure. The growth temperature and arsine partial pressure
during this process are 760° C. (region A31 in FIG. 9A) and
5.3 Torr (region A32 in FIG. 9B) , respectively.

Next, the arsine partial pressure therein 1s lowered to 4.0
Torr as shown in the region B32 in FIG. 9B. The growth
temperature is maintained at 760° C. as showm in the region
A3l in FIG. 9A. Then, an Al; .Ga, gAs guiding layer 9
having a thickness of 40 nm is epitaxially grown on the
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n-Al, ,Gag cAs cladding layer 8. During the growth of the
guiding layer 9 the growth temperature is lowered to 610° C.
as shown in the region B31 in FIG. 9A.

Subsequently., a double-QW active layer structure 160
having a structure shown in FIG. 8A is formed on the
Al, ,Ga, gAs guiding layer 9 by the following processes:

A first GaAs barrier layer 10a having a thickness of 20 nm
is epitaxially grown on the Al, ,Ga, gAs guiding layer
9. and a first In, ,,Ga, ;cAs strained layer 105 having
a thickness of 6 nm is epitaxially grown on the first
GaAs barrier layer 10a. A second Gas barrier layer 10¢
having a thickness of 5 nm is epitaxially grown on the
first In, ,,Ga, ,cAs strained layer 10b, and a second
In, ,,Ga, -6As strained layer 104 having a thickness of
6 nm is epitaxially grown on the second GaAs barrier
layer 10c¢. Finally, a third GaAs barrier layer 10¢e having
a thickness of 20 nm is epitaxially grown on the second
In, ,,Ga, ;cAS strained layer 104.

The layers 10a, 105, 10c, 104 and 10¢e are grown under the
conditions that the growth temperature is 610° C. as shown
in the region C31 in FIG. 9A and the arsine partial pressure
is 0.3 Torr as shown in the region C32 in FIG. 9B.

Next, while keeping the growth temperature at the same
value 610° C., the following three layers 11, 12 and 13 are
epitaxially grown, successively.

The Al, ,Ga, gAs guiding layer 11 having a thickness of
40 nm is epitaxially grown on the third GaAs barrier layer
10e of the active layer structure 10 at the arsine partial
pressure of 4.0 Torr (region D32 in FIG. 9B).

Then, the p-Al, ,Ga, gAs cladding layer 12 doped with
Mg and having a thickness of 1.5 pm is epitaxially grown on
the Al,.Gaj As guiding layer 11 at the arsine partial
pressure of 5.3 Torr (region E32 in F1G. 9B).

Finally, the p-GaAs cap layer 13 doped with Mg and
having a thickness of 1.0 pm is epitaxially grown on the
p-Al, ,Ga, sAs cladding layer 12 at the arsine partial pres-
sure of 3.2 Torr (region F32 in FIG. 9B).

Thus, the double-QW strained semiconductor laser wafer
as shown in FIGS. 8 and 8A is obtained.

As described above, with the fabrication method of the
first embodiment. the double-QW strained active layer struc-
ture 10 is formed at the growth temperature of 610° C., so
that the active layer structure 10 thus formed has superior
homogeneity of In component and superior optical emission
characteristics or performance.

In addition, the layers 11, 12 and 13 formed on or over the
active layer structure 10 are grown under the condition that
(a) the total pressure in the growth chamber is the atmo-
spheric pressure, (b) the partial pressure of arsine ranges
from 1.6x1077 to 3x107! Torr and (c) the growth tempera-
ture is the same value of 610° C. as the active layer structure
10. Therefore, the active layer structure 10 can be lower in
density of the lattice defect.

Comparative Example 1

FIG. 10 shows a fabrication of a semiconductor QW laser
according to a comparative example 1. The laser wafer
fabricated by the second comparative example 1 is the same
in structure as that of the first embodiment shown in FIGS.
8 and 8A.

Similar to the first embodiment, the method of the com-
parative example 1 is also carried out using an atmospheric
pressure MOVPE system, and trimethylgallium (TMG)
[(CH,),Gal. tetramethylindium (TMI) [(CH,),In], arsine
(AsH,) and trimethylaluminum (TMA) [(CH,),Al] are used
for Ga, In, As and Al components, respectively.
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The arsine partial pressure is changed according to the
same profile as the first embodiment as shown in FIG. 9B,
however, the growth temperature is changed according to a
profile shown in FIG. 10 instead of that shown FIG. 9A.

An n-Al,.Ga, As cladding layer 8. an Al,,GajgAs
guiding layer 9, and a double-QW active layer structure 10
are epitaxially grown on the Si-doped n-GaAs substrate 7, in
the same growth processes as those in the first embodiment.
successively.

Subsequently, an Al, ,Ga, gAs guiding layer 11 is epitaxi-
ally grown on the third GaAs barrier layer 10¢ of the active
layer structure 10 at the arsine partial pressure of 4.0 Torr as
shown in the region D32 in FIG. 9B. During this growth
process, the growth temperature is raised from 610° C. to
700° C.. as shown in the region D4 in FIG. 10

Then, a p-Al, ,Ga, ¢As cladding layer 12 doped with Mg
and having a thickness of 1.5 pm 1s epitaxially grown on the
Al, ;Ga, gAs guiding layer 11 at the growth temperature of
700° C. (region E4 in FIG. 10) and at the arsine partial
pressure of 5.3 Torr (region E32 in FIG. 9B).

Finally, a p-GaAs cap layer 13 is epitaxially grown on the
p-Al, ,Ga, <As cladding layer 12 at the growth temperature
of 700° C. (region E4 in FIG. 10) and at the arsine partial
pressure of 3.2 Torr (region E32 in FIG. 9B).

Thus, a double-QW strained semiconductor laser as
shown in FIGS. 8 and 8A is obtained.

As described above, the comparative example 1 is differ-
ent from the first embodiment in that the growth temperature
is raised from 610° C. to 700° C. after the growth process of
the active layer structure 10, and the later growth processes
for the layers 11.12 and 13 are carried out at the same
temperature 700° C.

With the fabrication method of the second embodiment.
since the double-QW strained active layer structure 10 is
formed at the growth temperature of 610° C.. so that the
active layer structure 10 thus formed has superior homoge-
neity of In component and superior optical emission char-
acteristics or performance.

In addition. the layers 11. 12 and 13 formed on or over the
active layer structure 10 are grown under the condition that
(a) the total pressure in the growth chamber is the atmo-
spheric pressure, and (b) the partial pressure of arsine ranges
from 1.6 x10™7 to 3x10™! Torr. Therefore, the active layer
structure 10 can be lower in density of the lattice defect.

With the comparative example 1, since the later growth
processes for the layers 11,12 and 13 are carried out at a
raised growth temperature different from that of the active

layer structure 10, obtainable effects or advantages are less
than those in the first embodiment. [Fabrication Yield Test]

To confirm the effects or advantages of the invention, the
following fabrication yield test was carried out. In the test,
laser wafers were fabricated corresponding to the first
embodiment, respectively, and laser devices having the
structure as shown in FIG. 12 were fabricated using these

laser wafers.
In FIG. 12, an n-Al, ,Ga,, ¢As cladding layer 8 doped with

Si and having a thickness of 2 pm is formed on an n-GaAs

substrate 1 doped with Si. An Al, ,Ga, gAs guiding layer 9
having a thickness of 40 nm is formed on the n-Al, ,Ga, (As
cladding layer 8. and a double-QW active layer 10 is formed
on the Al, ,Ga, (As guiding layer 9. An Al, ,Gaj gAs guid-
ing layer 11 having a thickness of 40 nm is formed on the
active layer 10. A p-Al, ,Ga, ¢As cladding layer 12 doped
with Mg and having a thickness of 1.5 pym is formed on the
Al, ,Ga, sAS guiding layer 11, and p-GaAs cap layer 13
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doped with Mg and having a thickness of 1.0 pm is formed
on the p-Al, ,Ga, (As cladding layer 12.

A n-GaAs blocking layer 14 doped with Si and having a
thickness of 1.5 pm is formed in the p-GaAs cap layer 13 and

the p-Al, ,Ga, sAs cladding layer 12 at each side of the laser
device. The surface of the n-GaAs blocking layer 14 and the

exposed surface of the p-GaAs cap layer 13 are covered with
a p-¢lectrode 15. The back surface of the n-GaAas substrate
7 is covered with an n-electrode 16 and is supported on a
heat sink 17 through the n-electrode 16.

As a comparative example, laser devices having the same
structure as shown in FIG. 12 is fabricated by the following
conventional fabrication method:

This conventional method is the same as that of the first
embodiment excepting that the double-QW active layer
10 is formed on the Al, ,Ga, (As guiding layer 9 at the
arsine partial pressure of 1.2 Torr according to the
profile shown in FIG. 11 (region CS), instead of 0.3
Torr as shown 1n FIG. 9B (region C32).

From the laser devices thus fabricated, ten samples were
selected at random corresponding to the second embodiment
and the conventional method. A driving current was supplied
to each of the selected samples for 1000 hours at an ambient
temperature of 90° C. so that each of the samples emitted 10
mW laser light from one side face thereof.

The fabrication yield was obtained based on the number
of the samples in which the measured change rate r of the
driving current per hour during the period from 800 to 1000
hours is 2x107" or less. The result of the test is shown in
FIG. 13.

It is seen from FIG. 13 that the method corresponding to
the first embodiment has the best fabrication vield of 90%
and those comresponding to the first and second embodi-
ments have those of 60%. On the other hand. the method of
the comparative example has the worst fabrication yield of
40%.

With the method of the first embodiment, since the growth
temperatures of the semiconductor layers 11, 12 and 13
grown after the active layer structure 10 are the same as that
of active layer structure 10, the first embodiment is better in
fabrication yield than the first and second embodiments

With the method of the first and second embodiments,
since the arsine partial pressure of the active layer is in the
range from 1.6x10™7 Torr to 0.3 Torr, the second and Fourth
embodiments are better in fabrication yield than the com-
parative example.

Though the test result using the laser water corresponding
to the experiment relating to the growth temperature is not
shown here. the similar effects to those of the experiment
relating to the arsine partial pressure can be obtained.

In the first and second embodiments, any growth condi-
tions excepting that the growth temperature and/or the arsine
partial pressure may be applied thereto according to required
performances of grown layers.

Though tetramethylgalium (TMG) [(CH,),Ga], tetram-
ethylindium (TMI) [(CH,),In], arsine (AsH,) and tetram-
ethylaluminum (TMA) [(CH,),Al] are used for Ga, In, As
and Al components, respectively in the embodiments, it is
needless to say that any other material may be used.

Also, the laser wafers of the first and second embodiments
have the strained QW active layer or layer structures,
however, they may have any other type of the active layer.

While the preferred forms of the present invention has
been described., it is to be understood that modifications will
be apparent to those skilled in the art without departing from
the spirit of the invention. The scope of the invention,
therefore, is to be determined solely by the following claims.
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What is claimed is:
1. A fabrication method of a semiconductor laser using an
MOVPE system, comprising the steps of:

growing a first AlGaAs layer on or over a semiconductor
substrate;

growing an In(GaAs/GaAs active layer containing an
InGaAs strained QW sublayer and GaAs barrier sub-
layers on said first AlGaAs layer at a growth tempera-
ture ranging from 580° to 640° C.; and growing a
second AlGaAs layer on said active layer; wherein the
growth temperature at an end of said step of growing
said first AlIGaAs layer is controlled to be within a
range of 580° to 640° C.;

and wherein the growth temperature of said second
AlGaAs layer is equal to the growth temperature of said

active layer.
2. A fabrication method or a semiconductor laser as

claimed in claim 1, wherein said step of growing said
InGaAs/GaAs active layer is carried out under a condition
that a total pressure of a growth chamber of said MOVPE
system is substantially equal to an atmospheric pressure and
a partial pressure of arsine for As component is 1.2 Torr,
3. A method of fabricating 2 semiconductor laser, com-
prising the steps of:
growing a first AlGaAs layer on or over a semiconductor
substrate;
growing an InGaAs/GaAs active layer containing an
InGaAs strained QW sublayer and GaAs barrier sub-
layers on said first AlGaAs layer at a growth tempera-
ture ranging from 3580° to 640° C.; and
growing a second AlGaAs layer on said active layer;

wherein the growth temperature at an end of said step of
growing said first AlGaAs layer is controlled to be
within a range of 580° to 640° C.,

and wherein the growth temperature at a beginning of said

step of growing said second AlGaAs layer is equal to

the growth temperature of said active layer.

4. A fabrication method of a semiconductor laser as
claimed in claim 3, wherein said step of growing said GaAs
second layer is carried out under the same growth tempera-
ture as that of said step of growing said active layer.

S. A fabrication method of a semiconductor laser as
claimed in claim 3, wherein said step of growing said GaAs
second layer is ends under a different growth temperature
from that of said step of growing said active layer.

6. A fabrication method of a semiconductor laser, the
method being carried out using an MOVPE system and a
total pressure in a growth chamber of said MOVPE system
being kept at an atmospheric pressure, tetramethylgalium
[(CH,),Ga], tetramethylindium [CH,),In] and arsine
(AsH,) being used for Ga, In and As components, respec-
tively;

the method comprising the steps off:

(a) epitaxially growing an AlGaAs first cladding layer
oh an (GaAs substrate;

(b) epitaxially growing an AlGaAs first guiding layer
on said AlGaAs first cladding layer;

(¢) epitaxially growing an InGaAs QW active layer on
said AlGaAs first guiding layer under a condition
that a growth temperature ranges from 580° to 640°
C., and a partial pressure of arsine in said growth
chamber ranges from 1.6x1¢™” Torr to 0.3 Torr; and

(d) epitaxially growing an AlGaAs second guiding
layer on said InGaAs QW active layer at the same
growth temperature as that of said step (¢);

(e) epitaxially growing an AlGaAs second cladding
layer on said second guiding layer; and
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(f) epitaxially growing a GaAs cap layer on said second
cladding layer.

7. A fabrication method of a semiconductor laser as
claimed in claim 6. wherein at least one of said steps (e) and
(f) is carried out under the same growth temperature as that
of said step (c).

8. A fabrication method of a semiconductor laser as
claimed in claim 6, wherein said active layer is of a double
QW structure formed of a GaAs and InGaAs strained
sublayer and GaAs barrier sublayers disposed at each side of
said strained sublayer.

9. A fabrication method of a semiconductor laser, com-
prising the steps of:

providing a gallium arsenide substrate of a first conduc-

tivity type;

growing, on said substrate, a cladding layer of a first

conductivity type;

growing, on said cladding layer, a first layer of semicon-
ductor material having a Al Ga, ,As composition,
where a growth temperature at an end of growth time
of said first layer is controlled within a range from 580°
C. to 640° C,;

growing, on said first semiconductor layer, a second group
of layers having at least one In Ga, As strained
quantum-well active layer and GaAs barrier layer at a
growth temperature ranging 580° C. to 640° C.;

growing, on said second group of layers, a third layer of
semiconductor material having said Al Ga, ,As
composition, wherein a growth temperature of of said
third layer is a same growth temperature at which said
second group of layers are grown;

growing, on said third layer, a fourth layer as a cladding
layer of a second conductivity type;

growing, on said fourth layer, a GaAs capping layer of
said second conductivity type;

wherein said steps are carried out using a MOVPE
system.

S5

10

14

10. A fabrication method of a semiconductor laser as

claimed in claim 9. wherein

said step of growing said second group of layers is carried
out under a condition that a total pressure of a growth
chamber of said MOVPE system is substantially equal
to an atmospheric pressure, and a partial pressure of an
arsine for As component is 1.2 Torr.

11. A fabrication method of a semiconductor laser as

claimed in claim 9. wherein

the method 1s carnied out using an MOVPE system. and
a total pressure in a growth chamber of said MOVPE
system is kept substantially at an atmospheric pressure;
and

satd step of growing said second group of layers active
layer is carried out at a partial pressure of arsine
ranging from 1.6x10~7 Torr to 0.3 Tom.

12. A fabrication method of a semiconductor laser, the

method being carried out using an MOVPE system and a
total pressure in a growth chamber of said MOVPE system

20 being kept substantially at atmospheric pressure;

25

30

35

the method comprising the steps of:

epitaxially growing a GaAs first layer on or over a
(GaAs substrate in said growth chamber;

epitaxially growing an InGaAs QW active layer on said
GaAs first layer under a condition that a growth
temperature ranging from 580° to 640° C. while
trimethylgallium [(CH,),Gal, trimethylindium
[(CH,);In] and arsine (AsH,) respectively for Ga, In
and As components are supplied into said growth
chamber;

said step of growing said active layer being carried out
at a partial pressure of arsine ranging from 1.6x10™
7Torr to (0.3 Torr; and

epitaxially growing a GaAs second layer on said
InGaAs QW active layer at the same growth tem-
perature as said QW active layer.

. S .
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